SUMMARY Twenty four men with insulin dependent diabetes and different degrees of autonomic neuropathy were studied to establish the response of the QT interval to various heart rates. Nine men with autonomic neuropathy had a longer QT interval than 13 healthy individuals and 15 patients who had diabetes without, or with only mild, autonomic neuropathy. Those with autono.mic neuropathy also had a proportionally greater lengthening of the QT interval for a given increase in RR interval.
diseases.'2 The influence of autonomic tone on the QT period is also widely accepted, although the mechanisms underlying the shortening or lengthening of this period are still not clear. "4 In the late 1970s several reports noted the high incidence of sudden death in diabetic patients who had severe autonomc neuropathy."6 In some cases death was attributed to cardiorespiratory arrest, but in the overwhelming majority the cause of death was not identified.
This prompted us to investigate changes in QT interval during static (quiet lying, sitting, and standing) and dynamic (Valsalva manoeuvre) conditions in groups of diabetic patients with different degrees of autonomic neuropathy.
Patients and methods
The diabetic patients (men aged (mean (SD)) 42 (12) ) were subdivided into three groups: eight without autonomic neuropathy, seven with borderline autonomic neuropathy, and nine with definite autonomic neuropathy confirmed by their cardiovascular response to a series of autonomic tests Figure 1 shows that the QT interval during quiet sitting, even when uncorrected for heart rate, was significantly longer in diabetic patients with autonomic neuropathy than in healthy individuals (360 (30)) ms vs 340 (10) highly significant (F = 9-02, p < 00001) from the cumulative slope of the other three groups (fig 3) ." These three groups may be viewed as having a common regression line ( In our patients it is difficult to propose a sound hypothesis for the effective mechanism underlying lengthening of the QT interval because diabetic patients with autonomic neuropathy show a pattern of overriding parasympathetic withdrawal followed by a sympathetic deficiency which at present is difficult to evaluate in clinical practice. Because the parasympathetic pathway does not appear to operate in these patients, we agree with recent reports that some non-quantifiable sympathetic imbalance is responsible for the abnormal lengthening of the QT interval in our patients. Evidence suggests that in diabetic patients with autonomic neuropathy the prolonged mean values for QT interval resemble (for example QT = 362 ms for an RR = 750 ms, that is QTc = 413 ms during quiet sitting) those found in patients with the so-called "long QT syndrome", a condition in which there is a high risk of sudden cardiac death. 2 In the late 1970s there were several reports that unexpected sudden death was common in diabetic patients with autonomic neuropathy.67 In some cases this was attributed to a respiratory arrest. But this was confirmed as the cause of death in only two cases and no explanation could be found for the remaining cases. Since then evidence has tended to argue against the hypothesis of simple respiratory arrest as the cause of death, because no alteration in the response to hypoxia or hypercapnia has been found in patients with autonomic neuropathy." 14 Analysis of our data on QT adaptation to RR variation during dynamic conditions (fig 2) shows that the QT interval was similar in all diabetic patients and controls at the lowest values of RR (induced tachycardia) but that as the RR interval lengthened, the QT interval tended to increase proportionally more in patients with autonomic neuropathy until highly abnormal values of > 400 ms were reached when the RR interval was 1000 ms (heart rate = 60 beats/min).
There was a tendency towards tachycardia in the patients with diabetic autonomic neuropathy and none had a resting heart rate as low as 60 beats/min.
But even in patients with autonomic neuropathy some interventions, such as drug treatment and anaesthesia, can lower the heart rate. Most sudden deaths in such patients occur during the induction of anaesthesia, which commonly provokes pronounced bradycardia, a condition which greatly increases the risk of cardiac arrest even in healthy subjects."5
In 1984 we suggested that the increase in QT interval that we found in diabetic patients with autonomic neuropathy might explain their high risk for sudden death.'6 The current study and another'7 support this view.
Should autonomic diabetic cardiac neuropathy be included among the long QT syndromes and could the altered relation between QT interval and RR interval in such patients explain the high incidence of sudden unexpected death in these patients? We hope that studies such as ours will lead to an answer.
